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I.  Int roduc t i on : The  March  28,  1979  accident  at  the  Three  Mile  Island 
(TMI)  nuclear  facility  gave  immediate  rise  to  speculation  about  the  im- 
pact it  would  have  on  pregnancy  outcome.  This  was  followed  by  an  in- 
creasing demand  for  health  data,  particularly,  about  infant  mortality  in 
the  area.  Some  local  residents  attempted  to  obtain  pregnancy  outcome  or 
infant  death  data  before  the  data  could  be  made  available  through  offi- 
cial channels  and  prematurely  released  data  obtained  directly  from  local 
hospitals.  These  data  were,  more  often  than  not,  inaccurate,  inappro- 
priate, or  misleading.  We  also  noted  that  in-utero  exposure  to  radi- 
ation has  been  reported  to  be  associated  with  infant  health  and 
mortality  (1-6).  As  a result,  the  Pennsylvania  Department  of  Health 
conducted  its  own  study  of  infant,  fetal,  neonatal  and  perinatal  mortal- 
ities in  the  TMI  area.  Our  study  was  based  on  vital  statistics  data 
compiled  by  the  State  Health  Data  Center. 

II.  Objective  of  the  Study:  The  main  objective  of  our  study  was  to  de- 
termine if  the  post-TMI  levels  and  patterns  of  infant,  fetal,  neonatal 
and  perinatal  mortalities  within  the  10-mile  area  communities  were  sig- 
nificantly different  from  normal  expectations  based  on  the  Statewide  ex- 
periences. Post-TMI  measures  were  also  reviewed  in  comparison  with 
pre-TMI  measures. 


III.  Methods  and  Materials;  The  area  under  study  included  35  communi- 
ties all  or  part  of  which  are  within  10  miles  of  Three  Mile  Island. 
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Annual  mortality  data  analyzed  were  those  for  the  April  1970 
through  March  1986  period.  This  particular  12-month  period  within  the 
study  years  was  chosen  because  the  TMI  accident  occurred  in  late  March 
1979.  Quarterly  (3-month  period)  analyses  were  done  for  shorter  periods 
before  and  after  the  TMI  accident. 

The  expected  numbers  of  deaths  for  the  study  area  in  each  of  the 
12-month  intervals  across  the  16  year  period  were  computed  from  the  ex- 
periences of  the  State  of  Pennsylvania  as  a whole  for  comparable  time 
periods.  Statistical  significance  tests  were  based  on  the  Poisson  model 
(7).  A standardized  mortality  ratio  (SMR)  i.e.,  observed/expected,  was 
computed  for  each  comparison. 

Infant  deaths  are  conventionally  defined  as  the  deaths  of  infants 
under  one  year  of  age.  Those  who  die  within  27  days  of  delivery  are  re- 
ferred to  as  neonatal  deaths.  Fetal  deaths  analyzed  in  this  study  were 
stillbirths  with  at  least  16-week  gestation,  but  induced  abortions  were 
excluded.  Also  analyzed  were  perinatal  mortality  data  which  combined 
both  fetal  and  neonatal  deaths  representing  a more  generalized  measure 
of  adverse  pregnancy  outcome. 

IV.  Results  and  Discussion;  A.  Infant  Mortality;  Table  1 shows  ob- 
served and  expected  numbers  of  infant  deaths  for  12-month  intervals  from 
April  1970  through  March  1986.  The  observed  numbers  of  infant  deaths 
for  the  area  under  study  ranged  from  33  to  89  during  this  16-year  pe- 
riod. None  of  these  observed  numbers  were  significantly  different  from 
the  expected  numbers. 
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Table  2 shows  the  observed  and  expected  numbers  of  infant  deaths 
according  to  quarter  (3-months)  for  the  period  from  April  1978  to  March 
1981.  Quarterly  data  for  these  three  years  are  presented  because  they 
are  sufficient  to  show  the  variability  of  the  data  from  quarter  to  quar- 
ter and  the  infant  mortality  in  the  two-year  period  immediately  follow- 
ing the  accident  was  considered  to  be  indicative  of  potential  influences 
of  the  TMI  accident.  The  observed  numbers  of  infant  deaths  during  this 
period  ranged  from  5 to  21.  These  numbers  indicate  substantial  vari- 
ations by  quarter.  None  of  these  observed  numbers,  however,  were  sig- 
nificantly different  from  the  expected  numbers  except  for  the 
July-September  quarter  of  1978  when  the  observed  number  was  signif- 
icantly less  than  expected.  The  number  of  infant  deaths  during  the 
3-month  period  (April-June,  1979)  immediately  following  the  TMI  accident 
was  higher  than  expected,  but  the  difference  was  not  statistically  sig- 
ni f i cant . 

B.  Fetal  Mortality;  While  much  of  the  public  concern  about  repro- 
ductive loss  following  the  accident  at  TMI  was  focused  on  mortality 
among  live-born  infants,  there  was  also  considerable  interest  in  fetal 
deaths.  However,  because  a fetal  death  in  Pennsylvania  is  required  by 
law  to  be  reported  only  when  the  gestational  age  of  the  fetus  is  16  or 
more  weeks,  there  are  no  routinely  available  data  on  fetuses  which  have 
not  reached  this  minimum  required  gestational  age  for  death  registra- 
tion. In  addition  to  the  unavailability  of  data  on  fetal  deaths  of  less 
than  16  weeks  gestation,  there  is  evidence  of  underreporting  at  about 
sixteen  weeks  gestation. 
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Despite  the  limited  utility  of  the  available  fetal  mortality  data 
as  a measure  of  reproductive  loss,  it  was  considered  to  be  of  interest 
to  analyze  such  data  in  conjunction  with  the  infant  mortality  data.  For 
purposes  of  this  presentation,  only  annual  fetal  mortality  data  are  dis- 
cussed. Table  3 shows  the  numbers  of  fetal  deaths  (excluding  abortions) 
for  the  TMI  IQ-mile  area  for  the  same  12-month  intervals  from  1970 
through  1986. 

The  numbers  of  fetal  deaths  reported  for  the  study  area  during  the 
16  April-March  intervals  shown  in  Table  3 ranged  from  4A  for  the  April 
1981-March  1982  period  to  85  for  the  April  1971-March  1972  period.  There 
were  54  fetal  deaths  reported  for  the  TMI  area  during  the  12  months  im- 
mediately following  the  accident.  This  was  not  significantly  different 
from  52.4  expected.  A statistically  significant  excess  of  fetal  deaths 
was  noted  six  years  later. 

C.  Neonatal  Mortality;  Since  infant  deaths  are  heavily  concen- 
trated in  the  period  immediately  following  delivery  and  these  deaths  are 
largely  due  to  conditions  which  existed  before  delivery  or  to  the  birth 
process  itself,  it  was  important  to  closely  examine  neonatal  deaths.  The 
study  of  neonatal  deaths  during  the  first  few  months  immediately  follow- 
ing the  TMI  accident  was  particularly  relevant  because  of  the  potential 
impact  of  the  accident  upon  the  most  vulnerable  period  of  early  life. 

As  shown  in  Table  4,  the  observed  numbers  of  neonatal  deaths  in  the 
10-mile  area  were  not  significantly  different  from  the  expected  numbers 
throughout  the  16-year  period  from  1970  to  1986.  For  the  April 
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1979-March  1980  period  immediately  following  the  accident,  the  observed 
mortality  pattern  was  no  exception. 

D.  Perinatal  Mortality;  The  concept  of  perinatal  mortality  pro- 
vides a means  for  combining  in-utero  deaths  with  loss  in  early  infancy, 
and  thus  can  provide  a more  generalized  risk  of  adverse  pregnancy  out- 
come. This  measure  also  helps  minimize  certain  of  the  inaccuracies 
which  arise  because  of  the  poor  reliability  of  reporting  when  the  fetus 
is  near  or  below  the  borderline  of  viability.  In  this  study,  perinatal 
deaths  include  fetal  deaths  of  16  or  more  weeks  of  gestation  and  infant 
deaths  occurring  within  the  first  27  days  of  life. 

As  shown  in  Table  5,  the  Standardized  Mortality  Ratios  (SMRs)  for 
the  12  months  immediately  following  the  accident  at  TMI  were  essentially 
the  same  as  for  the  12  months  immediately  prior  to  the  accident  and  for 
the  second  year  after  the  accident.  None  of  these  differences  were  sta- 
tistically significant.  Furthermore,  no  statistically  significant  dif- 
ferences were  noted  between  observed  and  expected  numbers  for  any  of 
other  12-month  periods  from  1970  through  1986. 

D.  Limitations  of  Infant  Mortality  Statistics:  The  infant  death 
rate,  as  usually  computed,  is  a substitute  for  an  age-specific  rate  in- 
tended to  measure  the  risk  of  dying  during  the  first  year  of  life.  If 
it  were  an  age-specific  rate,  it  would  be  the  ratio  of  infant  deaths  to 
the  infant  population  at  risk  (of  dying)  throughout  the  year  following 
birth.  However,  the  infant  death  rate  is  conventionally  defined  as  the 
ratio  of  infant  deaths  in  a given  period  to  recorded  live  births  for  the 
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same  period.  Thus,  the  deaths  under  one  year  of  age  during  any  calendar 
year  are  not  only  of  infants  born  that  year  but  also  of  infants  born  the 
previous  year. 

A more  accurate  method  of  computing  infant  mortality  risk  is  to  re- 
late infant  deaths  to  corresponding  births  for  given  time  periods.  There 
is,  however,  a problem  with  respect  to  our  ability  to  routinely  follow  a 
cohort  for  an  entire  year.  For  example,  if  a mother  had  been  a resident 
of  the  TMI  10-mile  area  at  the  time  of  delivery  and  moved  outside  the 
area  prior  to  the  death  of  her  baby,  the  baby  might  not  be  included  in 
the  study  because  specific  information  on  place  of  residence  at  birth 
may  not  be  recorded  on  the  death  certificate.  While  birth  and  death 
certificates  of  infants  are  routinely  matched,  this  process  does  not  al- 
ways produce  complete  results.  This  is  one  reason  why  the  TMI 
Mother/Child  Registry  with  its  aggressive  follow-up  program  was  estab- 
lished. 


E.  Birth  Cohort  and  Infant  Deaths;  Table  6 compares  the  numbers 
of  infant  deaths  in  two  12-month  birth  cohorts  immediately  preceding  the 
accident  at  TMI  with  those  in  two  birth  cohorts  subsequent  to  the  acci- 
dent. These  data  are  shown  for  the  entire  study  area,  for  Harrisburg 
City,  and  for  the  balance  of  the  area.  In  general,  there  is  nothing  in 
the  birth  cohort-based  infant  death  rates  to  indicate  a difference  in 
the  conclusions  drawn  on  the  basis  of  conventionally  computed  rates.  The 
infant  death  rate  for  the  cohort  born  in  the  12-month  period  immediately 
following  the  accident  was  higher,  but  not  significantly,  than  for  the 
two  previous  12-month  cohorts.  This  increase,  however,  was  largely  due 
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to  increases  for  the  Harrisburg  City-based  cohorts.  The  rates  for  the 
remainder  of  the  area  did  not  change  markedly.  The  results  of  these  an- 
alyses suggest  that  the  risk  of  infant  mortality  did  not  change  signif- 
icantly from  the  pre-TMI  to  the  post-TMI  years. 

In  order  to  further  evaluate  the  potential  effects  of  the  TMI  acci- 
dent upon  infant  mortality,  birth-cohort  data  for  areas  within  5 miles 
of  TMI  and  areas  within  5-10  miles  of  TMI  were  analyzed  separately.  Be- 
cause minor  civil  divisions  do  not  conveniently  lie  within  specified 
radii  of  a given  point,  a community  was  included  in  an  area  if  any  part 
of  it  lay  within  the  boundary  of  the  area.  The  rates  for  the  5 and  5-10 
mile  areas  were  generally  similar  to  those  for  the  entire  10-mile  area 
already  described. 

F.  Cone  1 us i ons ; The  results  of  a series  of  compr ehens i ve  analyses 
of  the  vital  statistics  data  obtained  from  the  State  Health  Data  Center, 
indicate  that  the  levels  of  post-TMI  fetal,  neonatal,  perinatal  or  in- 
fant mortalities  in  the  vicinity  of  the  TMI  nuclear  facility  were  nei- 
ther significantly  higher  than  expected  nor  significantly  different  from 
the  pre-TMI  years.  There  is  no  clear  evidence  that  the  1979  nuclear  ac- 
cident impacted  significantly  on  the  risk  of  late  in-utero  mortality  or 
mortality  during  infancy;  if  there  was  an  impact,  it  may  have  been  too 
small  to  be  detectable  by  the  methods  used  in  the  present  study. 
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TABLE  1: 


Observed  and  Expected  Numbers  of  Infant  Deaths^^ : 
TMI  10-Mile  Area,  April  1970  - March  1986 


Time  Period: 
(Month/Year) 

4/70  - 3/71 
4/71  - 3/72 
4/72  - 3/73 
4/73  - 3/74 
4/74  - 3/75 
4/75  - 3/76 
4/76  - 3/77 
4/77  - 3/78 
4/78  - 3/79 

4/79  - 3/80 

4/80  - 3/81 
4/81  - 3/82 
4/82  - 3/83 
4/83  - 3/84 
4/84  - 3/85 
4/85  - 3/86 


^^Resident  infant  deaths  wi 


Infant 

Deaths 

Observed 

Expected 

SMR 

89 

93.0 

0.96 

85 

80.8 

1.05 

63 

71.7 

0.88 

57 

63.8 

0.89 

59 

62.9 

0.94 

69 

57.2 

1.21 

53 

55.2 

0.96 

47 

52.4 

0.90 

46 

50.2 

0.92 

61 

52.2 

1.17 

56 

52.7 

1.06 

55 

49.4 

1.11 

59 

48.0 

1.23 

46 

43.3 

1.06 

33 

43.2 

0.76 

40 

43.7 

0.92 

in  one  year  of  age. 


STANOAHDIZED  MORTALITY  RATIOS; 
INFANT  DEATHS  IN  THE  TMI  TEN-MILE  AREA. 
APRIL.  1970  - MARCH.  1986. 


4/70-3/71  4/72-3/73  4/74-3/75  4/76-3/77  4/78-3/79  4/00-3/81  4/82-3/83  4/84-3/85 

Year 


Division  of  EDiCeiniQlogy  flesearcn 
Pennsylvania  □eoartT'.enc  of  Healtn 
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TABLE  2:  Observed  and  Expected  Numbers  of  Infant  Deaths^^  by  Quarter: 
TMI  10-Mile  Area,  April  1978  - March  1979, 

April  1979  - March  1980,  and  April  1980  - March  1981 


Including 

Harrisburg 

City 

Time  Period:  Quarter 

Observed 

Expected 

SMR 

April  1978  - March  1979: 

April  - June 

9 

12.9 

0.70 

July  - September 

5 

12.2 

0.41* 

October  - December 

lA 

12.6 

1.11 

January  - March 

18 

12.4 

1.45 

April  1979  - March  1980: 

April  - June 

19 

13.8 

1.38 

July  - September 

13 

12.4 

1.05 

October  - December 

13 

13.9 

0.94 

January  - March 

16 

12.1 

1.32 

April  1980  - March  1981: 

April  - June 

12 

12.5 

0.96 

July  - September 

14 

14.7 

0.95 

October  - December 

21 

13.9 

1.51 

January  - March 

9 

11.5 

0.78 

^^Resident  infant  deaths  within  one  year  of  age 
*Statistically  significant  at  the  0.05  level 
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TABLE  3:  Obser'/ed  and  Expected  Numbers  of  Fecal  Deaths’^: 
TNI  10  Mile-Area,  April  1970  - March  1986 


Time  Period: 

Fecal 

Deaths 

(Month/Year) 

Observed 

Exoecced 

sm 

A/70  - 3/71 

68 

82.3 

0.83 

A/71  - 3/72 

85 

75.6 

1.12 

A/72  - 3/73 

60 

6A.8 

0.93 

A/73  - 3/7A 

66 

59.9 

1.10 

A/7A  - 3/75 

A7 

52.6 

0.89 

A/75  - 3/76 

59 

A9.2 

1.20 

A/76  - 3/77 

50 

50.2 

1.00 

A/77  - 3/78 

59 

A9.3 

1.20 

A/78  - 3/79 

66 

53.5 

1.23 

A/79  - 3/80 

5A 

52. A 

1.03 

A/SO  - 3/81 

A9 

A9.3 

0.99 

A/81  - 3/82 

AA 

A8.7 

0.90 

A/82  - 3/83 

51 

50.  A 

1.01 

A/83  - 3/SA 

5A 

A9.3 

1.10 

A/8A  - 3/85 

55 

A6.6 

1.18 

A/85  - 3/86 

62 

A6.8 

1.32* 

1) 


Resident  fetal  deaths  excluding  abortions. 
♦Statistically  significant  at  the  0.05  level 


STANDARDIZED  MORTALITY  RATIOS; 
FETAL  DEATHS  IN  THE  TMI  TEN-MILE  AREA. 
APRIL.  1970  - MARCH.  1986. 


SMR 


0 , 0 I 1 : 1 1 1 ^ 1 I I I 1 1 ^ 1 : 

4/7C-2/71  A/12-2/11.  4/74-3/75  4/76-3/77  4/78-3/79  4/80-3/81  4/82-3/83  4/84-3/85 

Year 

01vi3l:n  of  6c 2e-nio  Icqy  Pesearcn 
P?''.n3  ^ Wan  i a Ceoart-cnt  of  HeaWn 


TABLE  4;  Obser'/ed  and  Expected  Numbers  of  Neonatal  Deaths^^: 
TMI  10-Mile  Area,  April  1970  - March  1986 


Time  Period: 
(Month/Year) 

4/70  - 3/71 
4/71  - 3/72 
4/72  - 3/73 
4/73  - 3/74 
4/74  - 3/75 
4/75  - 3/76 
4/76  - 3/77 
4/77  - 3/78 
4/78  - 3/79 

4/79  - 3/80 

4/80  - 3/81 
4/81  - 3/82 
4/82  - 3/83 
4/83  - 3/84 
4/84  - 3/85 
4/85  - 3/86 


Resident  neonatal  deaths  wi 


Neonatal'  Deaths 


Observed 

Expected 

SMR 

68 

73.1 

0.93 

62 

61.7 

1.00 

49 

55.1 

0.89 

38 

48.9 

0.78 

44 

49.0 

0.90 

48 

44.1 

1.09 

■ 45 

42.1 

1.07 

32 

39.0 

0.82 

34 

38.2 

0.89 

46 

38.7 

1.19 

45 

37.6 

1.20 

42 

35.9 

1.17 

43 

33.1 

1.30 

23 

30.4 

0.92 

25 

29.3 

0.84 

28 

29.7 

0.94 

27  days  of 

delivery . 

STANDARDIZED  MORTALITY  RATIOS; 
NEONATAL  DEATHS  IN  THE  TMI  TEN-MILE  AREA, 
APRIL.  1970  - MARCH,  1986. 


Q _ Q I— J 1 1 I I I i I I I 1 1 1 1 I 

4/7C-3/71  4/72-3/73  4/74-3/75  4/76-3/77  4/70-3/79  4/00-3/01  4/82-3/03  4/84-3/05 

Year 

Division  of  Esioenio logy  Oesearcn 
= -‘-ns  / 1 /an  1 a Deca.-t-enc  of  ^ealcn 
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TABLE  5:  Observed  and  Expected  Muabers  of  Perinatal  Ceaths^^: 


Time  Period; 

Perinatal  Deaths 

(Mcnth/Year ) 

Observed 

Exoected 

SME 

4/70  - 3/71 

13  6 

155.1 

0.88 

4/71  - 3/72 

147 

137.4 

1.07 

4/72  - 3/73 

109 

119.3 

0.91 

4/73  - 3/74 

104 

108.8 

0.96 

4/74  - 3/75 

91 

101.5 

0.90 

4/75  - 3/76 

107 

93.4 

1.15 

4/76  - 3/77 

92 

92.2 

1.00 

4/77  - 3/78 

91 

88.4 

1.03 

4/78  - 3/79 

100 

91.9 

1.09 

4/79  - 3/80 

100 

91.2 

1.10 

4/80  - 3/81 

94 

86.9 

1.08 

4/81  - 3/82 

86 

84.5 

1.02 

4/82  - 3/83 

94 

83.5 

1.13 

4/83  - 3/84 

82 

79.7 

1.03 

4/84  - 3/85 

80 

76.5 

1.05 

4/85  - 3/86 

90 

76.5 

1.18 

^^Resident  fetal  and  neonatal  deaths  combined. 


STANDARDIZED  MORTALITY  RATIOS; 

perinatal  deaths  in  the  tmi  ten-mile  area. 

ARRIL.  1970  - MARCH,  1986. 


4/70-3/71  4/72-3/73  4/74-3/75  4/76-3/77  4/73-3/79  4/80-3/81  4/82-3/83  4/84-3/85 


Year 


Qlvisicn  of  EalSenalcqy  ^?searcn 
Penns/Wania  3eoar:-.ent  of  -ealtn 
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TABLE  6:  Number  and  Rate  of  Infant  Deaths 
Based  on  Birth  Cohorts  for  the  TMI  Ten-Mile  Area 


Time  Period  and 

Birth  Cohort 

Live  Births 
in  Cohort 

Infant  Deaths 

Numbers  Rate 

in  Cohort^^  for  Cohort^^ 

Total  Area 

Pre-Tlil 

7,599 

86 

11.3 

April 

1977 

- March 

1973 

3,790 

43 

11.3 

April 

1978 

- March 

1979 

3,809 

43 

11.3 

Post-TMI 

7,989 

104 

13.0 

April 

1979 

- March 

1980 

3,967 

55 

13.9 

April 

1980 

- March 

1981 

4.022 

49 

12.2 

Harrisburg  City 

Pre-TMI 

2. 112 

33 

15.6 

April 

1977 

- March 

1978 

1,020 

15 

14.7 

April 

1978 

- March 

1979 

1,092 

18 

16.5 

Post-TMI 

2,201 

44 

20.0 

April 

1979 

- March 

1980 

1, 162 

26 

22.4 

April 

1980 

- March 

1981 

1,039 

18 

17.3 

Balance  of  Area 

Pre-TMI 

5,487 

53 

9.7 

April 

1977 

- March 

1978 

2.770 

28 

10.1 

April 

1978 

- March 

1979 

2,717 

25 

9.2 

Post-TMI 

5,788 

60 

10.4 

April 

1979 

- March 

1980 

2,805 

29 

10.3 

April 

1980 

- March 

1981 

2,983 

31 

10.4 

^^Deaths  within  one  year  of  life  among  infants  born  in  a given 
12-month  period  regardless  of  year  of  death. 

^^Infant  death  rates  per  1,000  live  births. 
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